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Abstract

We determined interleukin-6 (IL-6) in serum of 212 well-defined patients with newly
diagnosed paraproteinaemia and evaluated its discriminatory value and its prognostic
role in multiple myeloma (MM). Results were compared with serum neural cell adhae-
sion molecule and B-2-microglobulin, both established prognostic MM markers.
Paraproteinaemia related diagnoses were: MM (60), other haematological diseases (46),
solid tumours (35), auto-immune diseases (17) and monoclonal gammopathy of
unknown significance (MGUY) (54). IL-6 ranges in all diagnostic groups overlapped
widely and did not serve as a discriminatory marker in newly diagnosed parapro-
teinaemia even when patients with infection or fever (42) were excluded. In MM high
IL-6 levels (=50 pg/ml) were not associated with a shorter survival (p=0.24). We com-
pared our results with 20 published studies on serum IL-6 in paraproteinaemia and/or
MM. IL-6 data have to be related to the assay used (bio- or immunoassay) and to the
status of MM (newly diagnosed, during therapy, progressive disease). We conclude
that serum IL-6 is not specific for paraproteinaemia-related diseases and will not serve
as a reliable discriminatory or prognostic marker in paraproteinaemia and MM.
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SERUM INTERLEUKIN—6 IN PARAPROTEINAEMIA AND MULTIPLE MYELOMA
Introduction

Monoclonal gammopathy or paraproteinaemia is not synonymous with multiple
myeloma (MM). At first presentation a diagnosis of MM, plasmacytoma, amyloido-
sis or other haematological malignancy is made in only 37% of these patients!. The
majority of patients with a newly diagnosed paraprotein, does not fulfil the diagnos-
tic criteria for MM and hence are classified as having monoclonal gammopathy of
undetermined significance (MGUS). Follow-up of MGUS patients for more then
twenty years has shown that MM, amyloidosis or other haematological malignancies
arise in 24%, demonstrating that lifelong follow-up is mandatory'.

For newly diagnosed patients with paraproteinaemia the need is felt for an easy (serum)
parameter to distinguish MM from other causes of paraproteinaemia. Interleukin-6
(IL-6) is a potent in vitro and in vivo growth factor for human myeloma cells and has
therefore received much attention as a possible tumour-, disease activity-, and prog-
nostic marker in MM and other causes of paraproteinaemia’. Recently, the diagnos-
tic value of serum neural cell adhesion molecule (NCAM) in newly diagnosed patients
with MM and other well-defined monoclonal gammopathies of different causes was
demonstrated. The specificity was excellent (97%) but the sensitivity was low (52%)°.
We decided to test the diagnostic value of serum IL-6 in paraproteinaemia and its
prognostic value in MM in the same group of patients. Moreover we included the
results with NCAM, C-reactive protein (CRP) and B-2-microglobulin (2M) in the
analysis of these patients. In addition, we compared our IL-6 data with all published
series available.

Patients and methods

Patients: From 1991 till 1993 a population-based registry on paraproteinaemia was car-
ried out in the region of the Comprehensive Cancer Center West (CCCW). All
patients with newly diagnosed paraproteinaemia and/or multiple myeloma in the
Midwestern part of The Netherlands (1,6 million inhabitants and 15 hospitals in
1992) were reported by clinical chemists, internists, haematologists, pathologists and
other physicians. Information on patient characteristics (age, sex, performance status),
laboratory tests results (haemoglobin, leukocyte- and thrombocyte counts, creatinin,
calcium, albumen, total protein, paraprotein type and concentration in serum and
urine), and results of bone marrow and skeletal x-rays were obtained. The parapro-
tein-related diagnosis, comorbidity and therapy were recorded. A serum sample
obtained at registration was centrally stored at -80 °C. Follow-up was done at least
once yearly. In total, 1464 patients have been registered. The setup and contents of
this registry have been described*. Paraproteins were either detected by agarose or cel-
lulose-acetate electrophoresis depending on the method used in each hospital where
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CHAPTER 2

the patient was first seen. For inclusion in the registry each paraprotein had to be
confirmed by immunotyping (immunofixation). Serum was available from 867
patients. Out of this series, 212 sera were selected in whom all diagnostic tests had
been performed and a paraprotein-related diagnosis was available®.

Multiple myeloma was diagnosed in 60 patients, other haematological diseases in 46
patients, solid tumour in 35, auto-immune disease in 17 and MGUS in 54 patients.
Different stages among the MM patients were: indolent myeloma 9 cases, stage I 13
cases, stage II 4 cases and stage III 34 cases. Other haematological malignancies con-
sisted of lymphoproliferative diseases: 39 (15 immunocytoma, 18 other B-cell non-
Hodgkin’s lymphoma, 4 B-cell chronic lymphocytic leukaemia, 2 Hodgkin’s disease)
and myeloproliferative diseases: 7 (6 myelodysplastic syndrome, 1 promyelocytic
leukaemia). According to the criteria of the British Columbia Cancer Agency (BCCA)
the diagnosis of MM was made when at least two of the following criteria were pres-
ent: paraprotein in serum and/or urine, lytic bone lesion(s), or more than 10% plasma
cells in bone marrow cytology®*®. A paraprotein in serum (but not in urine), with
more than 10% plasma cells in cytology, in the absence of symptoms, anaemia, leu-
cocytopenia, thrombocytopenia, hypercalciaemia, renal failure due to myeloma or
Iytic bone lesions was diagnosed as indolent MM?**. Any paraprotein without indi-
cation of MM or other (haematological) malignancies, or auto-immune disease with
less than 10% plasma cells in bone marrow cytology was termed MGUS?.
Laboratory Methods: Serum samples stored at -80 °C were thawed and shipped on ice
to the Marburg University (Germany) where NCAM and IL-6 determinations were
done. For IL-6 determinations an enzyme linked immunoabsorbent assay (LD Zytokit
IL-6 ELISA, LD Labor Diagnostika Heiden, Germany) was used with a sensitivity
of 1 pg/ml. The analyses of B2M, CRP and NCAM have been described before’.
Interassay coefficients of variation for IL-6 were less than 8%, for NCAM 2-8%, for
B2M 7-10% and for CRP less than 8%. Upper normal serum values were 20 U/ml
for NCAM, 3 mg/1 for B2M and less than 10 mg/l for CRP. As median values and
ranges for serum IL-6 differ among normal control groups no reference values were
available (see also Table 3). IL-6, NCAM, CRP and B2M were determined in blinded
samples. Other laboratory results were extracted from the registry.

Statistics: The comparison of median values of laboratory parameters for different
diagnostic categories was done using Mann-Whitney’s test (2 groups) or Kruskall-
Wallis test (more than 2 groups). Survival was calculated from diagnosis to death
(event) or to being alive at last follow-up (censoring). Survival curves were made using
the Kaplan Meier methods and compared with the log-rank test. Analyses were per-
formed using SPSS/PC+; data were entered in a database using SPSS Data Entry II
(both SPSS Inc, Chicago, IL).

Literature search: For the period January 1966 to May 1999 we searched the medical
literature in Medline using the items: ‘paraproteinaemia’, ‘monoclonal gammopa-
thy’, ‘interleukin-6" and ‘multiple myeloma’. All studies on serum IL-6 in patients
with paraproteinaemia and/or MM were reviewed.
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SERUM INTERLEUKIN—6 IN PARAPROTEINAEMIA AND MULTIPLE MYELOMA
Results

Interleukin-6: Serum IL-6 was measurable in all 212 patients studied. The median
values and ranges for IL-6, NCAM, CRP and B2M are shown in Table 1. Figure 1
is a graphic display of the individual IL-6 values grouped by diagnostic category. The
median levels of IL-6 showed significant differences between the diagnostic cate-
gories (Kruskall Wallis test, p<0.001), but overlapped widely and none had a charac-
teristic range. IL-6 values correlated with CRP (r=0.42; p<0.0001), but not with
NCAM, osteolysis and B2M. At presentation 42 patients (lymphoproliferative (9),
solid tumour (6), auto-immune disease (2), MGUS (15), MM I (6), MM I1I (4)) had
either a documented infection or fever without a known cause. Excluding these from
analysis did not make any difference (Table 1, p=0.005).
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Figure 1. Range of serum IL-6 in all diagnostic categories. Median levels of serum
IL-6 are depicted as bars. Outliers are represented by an arrow and accompanied by
the actual value.

Ly-pro: lymphoproliferative disease;
My-pro: myeloproliferative disease;
tumour: solid tumour;

auto-imm: auto-immune disease;
IMM: indolent MM.
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SERUM INTERLEUKIN-G IN PARAPROTEINAEMIA AND MULTIPLE MYELOMA

For practical clinical purposes all diagnostic categories were combined to three major
groups; non-MM (lymphoproliferative, myeloproliferative, solid tumour, and auto-
immune disease), MGUS and MM (IMM, MM I, MM II, MM III). Median serum
IL-6 values in non-MM and MGUS were significantly higher than in patients with
MM (Table 2). IL-6 values in MGUS were higher than in MM though this differ-
ence disappeared after excluding all patients with a documented infection or fever at
diagnosis. B2M and NCAM levels were significantly higher in MM compared to non-
MM and MGUS whereas CRP was higher in the latter two (Table 2).

Serum IL-6 and survival in patients with MM: We investigated whether high IL.-6
serum levels at diagnosis were of prognostic significance for survival in patients with
MM. Median time of follow-up was 44 months (range 0-74 months). Patients with
MM and initial high values of IL-6 (250 pg/ml) showed a median survival of 23
months compared to 33 months in MM-patients with lower IL-6 values (<50 pg/ml)
though this was not statistically significant (p=0.24; Figure 2). Even at several other
cut-off values (25, 75, and 100 pg/ml) no significant correlation of serum IL-6 at
diagnosis with survival was found. Not surprisingly an elevated CRP (=10 mg/1) was
also not associated with shorter survival. In contrast, elevated values of the estab-
lished prognostic serum marker $2M (>3 mg/l) were significantly (p=0.013) associ-
ated with a worse prognosis. Median survival time in patients with elevated B2M was
less than half the median survival time in patients with normal serum values (22
months vs. 47 months; Figure 2). Serum NCAM proved to be a relevant prognostic
factor as well. Patients with MM and a high NCAM level (>20 U/ml) at diagnosis had
a median survival time of 22 months whereas normal levels were associated with a
median survival of 54 months (p=0.04; Figure 2).
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SERUM INTERLEUKIN-G IN PARAPROTEINAEMIA AND MULTIPLE MYELOMA
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Figure 2. Survival curves of patients with MM according to high or low values in
respectively IL-6, B2M and NCAM.
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CHAPTER 2
Discussion

In this group of well-defined patients with newly diagnosed paraproteinaemia serum
IL-6 did not discriminate between the different diagnostic groups. Median serum
IL-6 levels were higher in MGUS compared to MM although this difference disap-
peared when all patients with a documented infection or fever were excluded. As far
as the prognostic role of serum IL-6 in MM is concerned, we are in agreement with
Kyrtsonis’ and could not demonstrate the usefulness of serum IL-6 as a prognostic
factor which is in contrast with others®1°, The established prognostic serum param-
eters B2M!! and NCAM!%13 were both prognostic factors in the CCCW multiple
myeloma patients. This underlines that we selected a representative group of patients
for this serum IL-6 study.

Studies on serum IL-6 in paraproteinaemia differ in many aspects hampering com-
parisons with our own IL-6 data (Table 3). Firstly, uniformity in the patient-popu-
lations studied is lacking. The patients were either treatment-naive, had received
treatment before or were undergoing treatment when serum IL-6 was measured.

40



SERUM INTERLEUKIN-G IN PARAPROTEINAEMIA AND MULTIPLE MYELOMA

“TNIA 2A1ssax301d

IO _UUUEN\K@N ur .@QN JNEHOE SA SOOI UI 9-11 h@ﬂ.wﬁm ‘SNON

pue ] NIV U29M10q 9= UT 9dUSIHIP ON] (§¢-¢>) ‘UdALS 30U ()
“Aesse-o1q Aq 2anisod paisa YSITH Aq 2anegou

ST ‘VSI'TA sA Aesseorq jo Aoueda1osi( *(YSI ) S[ORBUOD [eULIOU 03

Juaeamba AT ut 9-7 “(Aesseorq ¢78-0 ‘VSITA £0T-0) “(VSI'TA) S *TIN

TININ PUt SOOI Uo9M39q 9T U 9OUSISHIP ON
*25BISIP 2A1S91301d puE paourApE U 9-] JO OSIY "S[ONUOD [BRULIOU

SA SNDIN IO %ET PUt ININ JO %z UL 9-TI PR3ead[y “(€€-1) ‘S *TIN
‘[earams 100d 1M paieDOSSE

S[PAS] PAIBAI[F "ISESIP PROUEAPE UT 9-TT] JO IS “(0€-0) ‘L *TIN

"9SBASTP PAOUBAPE UT 9] JO 3STY “(§°ZT-0°T) ‘UAAIS 10U : Ty )

"asde[a1 3 J0 JATTA daTssa1goxd

i syuaned Jo 9,09 I S[9AS] PAreAd]y “WIN'S 10 SOOIV [P stusned

JO %€ PUt IWIN JO %S€ “TOd JO %001 UL 9~ P23ead[d *(00£-0) ‘S * TN

sdno13 Suowre S[OAS[ 9~ WINLISS (ULIPIUL) UI SIOUIIP
‘[uu/3d ur 98ues pue (TYN) I DUIYAI oddn 9-T wINIdG

(0p) [ewwrou
(SO TII/IT “(69) T:ININ

La/av (L) IWINS “(£9) SNOW
(%) [euLiou
La/av (8) SNOIN “(£9) WIN

(01) rewrou (57) THN “(8)

SdIN “(€2) III/IT IWIN “(4+2)

LA/av SOOW/ININ ‘2 SOOI
(D 10d “O1 I (7D 11

av DTN (9 SNOW
av Onmr ) oD 1 W

(I1) 1Od ‘(s8) WIN
La/av  “(osn WINS (20 SNOIW

#oWLL, «(N) sywaneq

661 ‘77 19 19[RY T,

1661 77 10 ST
Aesseorg pue VST TA

1661 ‘7742 MeqyEEN]

1661 ‘7742 Buapnr]
1661 77 12 1832uqroy

6861 77 12 3[[reaeq
Aesseorg

oy

‘eruroeuraloidered yum syuoned ur suoneSnsasur 9-1 wnias paysiqnd Jo MIIAIIAQ "¢ I[qE],

41



CHAPTER 2

*aseastp aArssaxdord s AN JO % 76 pue aseyd

neayed 3e WA JO %1 ‘Sisouserp 3¢ WIN JO %77 TNINS JO %07 ‘SOOI
JO %t S]ONU0d [WIOU JO 9 ¢ Ul 9-T[ PAeAd[H "(01Z-7>) ‘S ‘TN
‘[earams rood

LM PIIBIOOSSE PUE DSEISIP PIdUEAPE UT 9-T[ JO ISRY *(L0T-+'0) ‘7€ *TAN
‘(Anowmy prjos

(0€) Teuriou ‘(94) IWIN

La/av () IWINS (2D SNOIW

av (z9) 11 o I (L9 T WIN

MO PUE (PIM) SADIA [[E PUE I U994I2q 9~"T] U 9IUIIIP ON "(In0wm-SADY)  POS-SADIN (9,) mowm

oW} Prjos & INOPIM SADN < NI U 9~ "(L6€-1°0) ‘UdALS 30U 1Y)
WIN

i syuoned /£ 7/¢ AJuo ut 91qeIoatdp 9-1 (09¢€-0) UIALS 10U 1Y)
(STSATeUre BLIRATUN UT A[UO) [RATAINS

F00d [IIM TOREIOSSE “95()¢ UE 9~TT[ PIEAId (006 €4-00+>) 00€ € “TIN

WIN P ssuaned (¢4 ut 9-1 pareadyy “(suaned + 071) ‘001 TN

‘onpe AroreurtIosTp oN ‘sdnois qre ur 9-1

Jo saguer Surddefrano pue apIAA “(H9T-9[qI0919P 10U) ‘UAALS 10U T
WIN

i ssuaned (9/9 ur £uo 9[qe0a3ap 9-T1 *(008°81-08) ‘UdAIS 30U 1Y
*S[OTUOD [BULIOU PUE (S95eIS 2SEISIP

1) INTA U99433q 9-T[ UT 991D ON *(0078-007) ‘UIALS 30U 1Y

(zg) mowm
UdAIS J0U PIOS+SNOIN (6€) IWIN
La/av (02) Tewiou () IWIN

av (@ m e m (o) 1 WIN
(o) Tewwtou (1) 11T “(€) 11
‘(2D 1T'IWIN “(9) SHOW

(0¢) reutou
(07) suonoayuI ‘(ewoueEU g

qdv/av

¢190UED UO[0D §) JNoWm) pIjos

AL 30U (1) IWIN “(§+) SNOW
Ld/av (09) WNIN
La/av (8) [ewIou ‘(H,€) WIN

9661 ‘77 42 BJA[ILL

G661 77 12 SIUBIUI[[PJ

H661 77 12 09915

Y661 77 12 19353][eq

Y661 77 42 eIeequaL ],

€661 77 42 OOLIAIN

2661 ‘17 12 09215
2661 1 12 1189][Eg

1661 77 12 umoig
VSI'Td

(¢219e1)

42



SERUM INTERLEUKIN-G IN PARAPROTEINAEMIA AND MULTIPLE MYELOMA

-asdefor Je gy ‘Aderop Surmp : (] ‘stsouSerp Je (v :pasn SUONEIAIIGqE SUONBUIULIAIIP 9~ JO SUIL ] W [ # “erumesna[ oneyd
-TA] 2IN0R TV ‘BIUIeNa] PIO[AT 91NoE I JIATY ETUIDRUINO[SOIORUI S, WONSUIP[EAA TN AN ‘eruoena] onddoydurA] oruoryod D) {OSeastp s, ueurapse))

@D ‘ewoydwid] s ur{dpoy] T ‘ewoydwA] s un{dpo}] uou TN ‘erwoeona] [[o0 ewse[d 1 I ‘AT SULIOPMOWS IS :PISN SUONRIAAIQE ‘SIuaned (,

‘erwroeuratoldered ur 9-7 Jo anfea aanorpaxd ou ‘ssuened §NHTA JO % ST
Pue NN JO %S¢ “THNJO %St Ut 9-"TI PRead]d ($9+7 - €6) ‘S€€ ' TIN

.uE@» Nﬁogﬁﬁbﬁom% OZ .m DUE
PUE AMTA “TATA U29419q 9-"TT UT 90UAIJFIP OU ‘S91108918D IO [[B UT
9-"T1 JYSIE] "S[eWIOU pue (D) Ul 9~ M0 *(£88°8-€1T) ‘USALS 30U I

*S[OTUO0D [RULIOU PUE D) ‘TATA SA SWOIpUAS
s,ua180lg Arrewrtid pue SNDIN Ut 9-T1 PYSIH *(052)-0) 07 “TAN

‘NN Ut 201 donsougoid e 1ou

eruroeuraordered ur ojox AroreurwtIosTp oN "(066°T-9) ‘UIAIS 10U i TN
‘sponuod pue Aypedourured euopouour

U99M19q 9-"] UI 20UJIp ou ‘Apmis paseq uonemndo “uaALs 10U (YN
"[BATAIDS YIIM UONE[21100 ON “Ade1otp

01 9su0dsa1 UO 9582109p pue 9sde[o1 I8 10 ISBISIP PAOUBAPE UT 9-"]] JO

9STY "S[OTTOD [BULIOU SA TATTAT UT 9-"T] P23eAd[H “(008-0) ‘TRALS 10U : Ty

(L) T11D

‘(TD) THN (L)) WM

av (99 IWIN (871) SNOW
(99) [ewwtou (7) O

‘(b0) THN () TH ($) T1IV
‘(€1) TNV “(61) WM

av ($9) IWIN (80) SNOIW
(z¢) ewaou (z77) oEo%Eom
su2180(g wiid (6) TT1D

av (21 SNOW ‘O1) WIN

(1) sunurur-oine

‘(§¢) mourm pryos ‘()
Toxdopadur ‘(4 ¢) Joadoydurd]
‘FS) SNOW ‘(F€) I

av ‘®) I (€1) T WIN “(6) ININT

(9291) 101u0D (901)
av Aqpedowures [euopouoyy

($7) rewwrou (£ 1) I11
av ‘WO I () T'WIN

$661 77 12 pIR[IANQ

7661 v 12 A1e[og

7661 77 12 u0sIMA]
VI

8661 ‘77 10 Teetdg

8661 7742 U0

9661 ‘77 12 STUOSIIAS]

(¢219e1)

43



CHAPTER 2

Secondly, cut-off values for the upper normal IL-6 level in serum were either not
given”!*17 or ranged widely from 3.2 pg/ml'° to 3,300 pg/ml°. Each study reported
a different range of values, even for normal controls (Table 3).

Thirdly, and perhaps this is the most important, serum IL-6 was either determined
by bio-assay or immuno-assay (i.e. radio-immunoassay (RIA) or enzyme-linked-
immunoassay (ELISA)). Studies using a bioassay®!8-2% all found a correlation between
serum IL-6 and disease stage in MM. High values were found in MM compared to
normal controls or patients with MGUS, and levels were higher in advanced disease.
As the final result measured in bioassays is the interaction of several biological acti-
vators and inhibitors these tests could be lacking in specificity. Immunoassay meth-
ods (ELISA, RIA) were therefore developed to measure more specifically the amount
of immunoreactive IL-6. Two studies used both a bioassay as well as an ELISA!621,
Thaler er 4/ confirmed a good correlation between both assays though Kiss et 4/
reported 15 samples being positive by bioassay which were all negative by ELISA.
Subsequent studies using only immunoassay methods reported conflicting results.
Serum IL-6 levels in MM varied from undetectable to clearly related with advanced
disease, and comparisons with normal controls, patients with MGUS or primary
Sjogren’s syndrome also yielded discrepancies not easily explained’s%10:1%22-29,
Epitopes on circulating IL-6 can be protected from binding to monoclonal antibod-
ies by binding to -2 macroglobulin or the soluble IL-6 receptor (sIL-6R) (Brown ez
al, 1991). This ‘immunoassay-shielded IL-6’ could well retain its biological activity
and be measured in a bioassay though not in an immunoassay. Recently, knowledge
on the role of sIL-6R in MM has grown considerably giving a diverse though com-
plicated picture*’. The biological effect of IL-6 is influenced by sIL-6R and the IL-
6/sIL-6R complex could amplify the effect of serum IL-6. Serum IL-6R levels are
higher in patients with MM compared to MGUS making it a promising discrimina-
tory marker?!,

Fourthly, IL-6 has other biologic activities such as induction of acute phase pro-
teins*?. Thus, IL-6 being a pleiotropic cytokine, is also elevated during inflamma-
tion and/or infection making it important to exclude all patients with any diagnosis
that influences the acute phase response when comparing patients with MM or MGUS
to patients in other diagnostic categories. We observed high serum IL-6 levels in
patients with MGUS. It is important to look at the definition ‘MGUS’ which is widely
used in the literature®. In most published studies on paraproteinaemia the absence of
clinical evidence for a haematological malignancy has been accepted as a definition
of MGUS. Greco'!” already demonstrated the importance of clearly defining patients
with MGUS because the presence of a solid tumour markedly influenced the serum
levels of IL-6, CRP and B2M in patients with paraproteinaemia diagnosed as ‘MGUS’,
which could also be demonstrated by us.

In conclusion, although IL-6 is an important cytokine as far as the pathogenesis of
MM is concerned, the IL-6 serum value is a poor diagnostic marker in patients with
paraproteinaemia and an unreliable prognostic marker in MM.
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